ABSTRACT Background: Although higher intakes of fruit, berries, and vegetables (FBV) have been associated with reduced risk of type 2 diabetes (T2D) in some observational studies, the evidence is limited and inconclusive. Objective: We assessed the relation of FBV intake and T2D incidence in Finnish men. Design: We studied 2332 men from the prospective, populationbased Kuopio Ischaemic Heart Disease Risk Factor Study who were aged 42-60 y and free of T2D or impaired fasting glucose at baseline in [1984][1985][1986][1987][1988][1989]. Food intake was assessed with 4-d food recording. T2D was assessed by using self-administered questionnaires, a fasting blood glucose measurement, a 2-h oral-glucose-tolerance test, and record linkage to a reimbursement register on diabetes medication expenses. In the Cox proportional hazards model, HRs for T2D were computed for the highest compared with lowest quartiles of FBV intake adjusted for age, examination year, body mass index, waist-to-hip ratio, smoking, education, physical activity, family history of diabetes, and energy and alcohol intakes. Results: During the mean follow-up time of 19.3 y, 432 new cases of T2D occurred. For the total FBV intake (with the exclusion of potatoes and fruit and berry juices), the extreme-quartile multivariable-adjusted HR for T2D was 0.76 (95% CI: 0.57, 1.02; P-trend = 0.15). In the analysis for FBV components, berries had a corresponding HR of 0.65 (95% CI: 0.49, 0.88; P-trend = 0.003), whereas no significant associations were shown for fruit, fruit and berry juices, and vegetables. Conclusion: Fruit and vegetables, particularly berries, may reduce risk of T2D in men.
INTRODUCTION
Although obesity is the main risk factor for type 2 diabetes (T2D) 5 (1, 2), other modifiable factors, such as dietary constituents, may also play a role in the pathogenesis (3). In observational studies, higher intakes of fruit (4-7) and vegetables (8, 9) have been inversely associated with risk of T2D. In particular, intakes of green leafy vegetables (5, 10) and berries (4, 5, 7) have been related to reduced risk. However, not all studies have shown such associations for fruit (8, 9, 11, 12) or vegetables (5, 6, 11, 12) . Contrary to fresh fruit and berries, in some studies, the higher intake of fruit juices has been related to increased risk of T2D (6) .
Fruit and vegetables may prevent T2D in several mechanisms. Fruit and vegetables contain high amounts of water and fiber and, thus, have a low energy density, which may enhance satiety, reduce energy intake, and, consequently, body weight (3, 13) . Fruit and vegetables may also have direct effects on risk of T2D, independent of body weight. It has been postulated that a chronic state of repeated postprandial hyperglycemia, hyperinsulinemia, oxidative stress, and low-grade inflammation may predispose individuals to b cell dysfunction and T2D (14) . Fruit (15) and berries (16) (17) (18) (19) may delay the digestion and absorption of carbohydrates and suppress postprandial glycemia, oxidative stress, and low-grade inflammation. These beneficial effects of fruit and berries on glucose metabolism have been suggested to be due to dietary fiber and polyphenols (16, 17, 20) . Increased risk shown for the consumption of fruit juice and T2D (6) has been suggested to be related to the low satiety of the liquid form, relative lack of fiber and other phytochemicals, and high sugar load (3) .
However, the number of observational studies that have considered fruit and vegetable intake and risk of T2D has been limited, and findings have been inconclusive. The aim of our study was to assess the relation of the intake of fruit, berries, and vegetables (FBV) with risk of T2D in middle-aged or older Finnish men. On the basis of previous findings from trials in which berries have been shown to improve glucose response (16) (17) (18) , we hypothesized that, in particular, the high intake of berries would be inversely associated with risk of T2D. Because BMI and physical activity are important risk factors for T2D and have been previously identified as effect modifiers of fruit and vegetable intake on risk of T2D in some studies (6, 7, 11) , we also performed a stratified analysis on the basis of BMI and leisure-time physical activity.
SUBJECTS AND METHODS

Study population
The Kuopio Ischaemic Heart Disease Risk Factor Study is an ongoing population-based cohort designed to investigate risk factors for cardiovascular diseases, atherosclerosis, and related outcomes in middle-aged men from Eastern Finland (21) . A total of 2682 participants (82.9% of eligible subjects), aged 42, 48, 54, or 60 y, were enrolled in the study between March 1984 and December 1989. The first cohort consisted of 1166 men who were 54 y old and enrolled in [1984] [1985] [1986] , and the second cohort included 1516 men who were 42, 48, 54, or 60 y old and enrolled in 1986-1989. Baseline examinations were followed by the 4-y examination round in 1991-1993 in which 1038 men from the second cohort (88% of eligible subjects) participated. At the 11-y examination round in 1998-2001, all men from the second cohort were invited, and 854 men (95% of eligible subjects) participated. During the 20-y examination round, all eligible participants from the first and second cohorts were invited to the study site. A total of 1241 men (80% of eligible subjects) participated. Baseline characteristics of the entire study population have been described previously (21) .The study was approved by the Research Ethics Committee of the University of Kuopio. All study subjects gave their written informed consent. Men who had history of T2D (n = 157), impaired fasting glucose (n = 128), unknown diabetes status (n = 65), or missing dietary data (n = 18) were excluded from the study, which left 2332 men for analysis.
Collection of covariate data
BMI was computed as the ratio of weight to the square of height, and the waist-to-hip ratio (WHR) was calculated from waist and hip circumferences, both of which were measured during the study visit. The number of cigarettes, cigars, and pipefuls of tobacco currently smoked daily, duration of regular smoking in years, education, place of residence, and alcohol consumption were recorded by using a self-administered questionnaire, which was checked by an interviewer at a study visit. A subject was defined a smoker if he had ever smoked on a regular basis and had smoked cigarettes, cigars, or a pipe within the past 30 d. Physical activity was assessed by using the Kuopio Ischaemic Heart Disease Risk Factor Study 12-Month LeisureTime Physical Activity Questionnaire, and this detailed quantitative questionnaire covered the type, frequency, duration, and intensity of the activity (22) . The family history of diabetes was defined as positive if either father, mother, sister, or brother of the subject had a history of diabetes (type 1 or 2).
Collection and classification of T2D
Fasting blood samples were taken between 0800 and 1000. Subjects were instructed to abstain from ingesting alcohol for 3 d and from smoking and eating for 12 h. After the subject had rested in the supine position for 30 min, blood was drawn with vacuum tubes (Venoject; Terumo) without the use of a tourniquet.
T2D was assessed by using a self-administered questions for a physician-set diagnosis, fasting blood glucose measurement, and 2-h oral-glucose-tolerance test (OGTT) blood glucose measurement at reexamination rounds 4, 11, and 20 y after the baseline by record linkage to the national hospital discharge registry and record linkage to the Social Insurance Institution of Finland reimbursement register on diabetes-medication expenses. T2D was defined as a fasting plasma glucose concentration $7.0 mmol/L or OGTT 2-h blood glucose concentration .11.0 mmol/L at the study visit. Impaired fasting glucose was defined by using WHO criteria (23) of a fasting plasma glucose concentration from 6.1 to 6.9 mmol/L. No OGTT was done at the study baseline.
Assessment of nutrient intake
The consumption of foods was assessed at the time of blood sampling at the study baseline by using an instructed 4-d food recording by household measures (24) . Instructions were given, and completed food records were checked by a nutritionist. Intakes of nutrients and foods were estimated with NUTRICA version 2.5 software (Social Insurance Institution). The databank of the software is mainly based on Finnish values of the nutrient composition of foods. Underreporters or overreporters were not excluded from analyses. To remove the confounding related to total energy, intakes of nutrients used in the Cox models were energy adjusted by using the residual method (25) .
The intake of fruit and vegetables was calculated from foodrecord data to obtain the average daily quantity of intake for each participant. The vegetable group included fresh, frozen, and canned vegetables, vegetable juices, and roots. Potatoes were not included in the vegetable group because they differ from other vegetables in energy and carbohydrate contents. Cruciferous vegetables included cauliflower, Brussels sprouts, broccoli, kale, kohlrabi, white cabbage, red cabbage, and Chinese cabbage. Green leafy vegetables included spinach, iceberg lettuce, lettuce, leaf lettuce, parsley, and nettle. Fruit included fresh, dried, and canned fruit. Berries included fresh and frozen berries, smashed lingonberries, and lingonberry jam. Jams and marmalades included all other berry-and fruit-derived jams and marmalades. Lingonberry jam was included into fresh and frozen berries because, at the time of the study baseline, it was often selfprepared and more nutritious than other jams. Fruit and berry juices included all fruit-and berry-derived juices.
Statistical analysis
Distributions were expressed as means (6SDs). Means were compared by using ANOVA, and categorical variables were compared by using chi-square tests. Subjects were classified into quartiles according to their intakes of FBV. For foods with a large proportion of nonconsumers (berries, fruit and berry juices, and cruciferous vegetables), nonconsumers were coded as 0, and consumers were categorized into tertiles. Relations of the intake of FBV with risk of T2D were analyzed by using Cox proportional hazards models. Model 1 was adjusted for age, examination years, and BMI (continuous). Model 2 was adjusted as for model 1 and for WHR (continuous), pack-years of smoking (y, continuous), leisure-time physical activity (kcal/d, continuous), education (y, continuous), family history of diabetes (yes or no), total energy intake (kcal/d, continuous), and alcohol intake (g/wk, continuous). The cohort mean was used to replace missing values (,5%) in covariates. HRs, which were adjusted for other risk factors, were estimated as antilogarithms of coefficients for independent variables. CIs were estimated on the basis of the assumption of the asymptotic normality of estimates. Tests of linear trend were conducted by treating quartile-classified exposures as a single continuous variable. Interactions between the intake of fruit and vegetables and BMI and leisure-time physical activity were assessed by using stratified analyses and a cross-product (multiplicative) term, with fruit and vegetables in quartiles and BMI and leisure-time physical activity as binary variables. All statistical tests were 2 tailed. Data were analyzed with SPSS for Windows version 17.0 statistical software (SPSS Inc).
RESULTS
At baseline, the mean (6SD) age of the 2332 men was 53.06 5.1 y, and the mean BMI (in kg/m 2 ) was 26.6 6 3. Men with a higher intake of total FBV were more likely to be nonsmokers, more educated, live in a city, have lower a WHR, and physically more active than did men with a lower intake ( Table 1 ). In addition, men with a higher total FBV intake were more likely to have a higher intake of energy and lower proportion of energy from total fat, SFAs, MUFAs, and alcohol and a higher proportion from protein, carbohydrates, and PUFAs (Table 1) . For the main individual components of fruit, berries, fruit and berry juices, and vegetables, baseline characteristics were similar to the total intake (data not shown). Contrary to the total intake of FBV, men with a higher intake of berries were more likely to be older, less likely to live in a city, and have a lower BMI, and berry intake was not positively associated with education ( Table 2) .
In the Cox proportional hazards regression analysis adjusted for age, examination year, and BMI (model 1), the HR for T2D was 0.69 (95% CI: 0.52, 0.90; P-trend = 0.021) in the highest compared with lowest quartiles of the total intake of FBV (excluding potatoes and fruit and berry juices) ( Table 3) . However, additional adjustment for established and potential risk factors of T2D (model 2) attenuated the association (HR: 0.76; 95% CI: 0.57, 1.02; P-trend = 0.15).
In an additional analysis for individual food groups, we showed that only the intake of berries predicted lower risk of T2D ( Table 3 ). In the multivariable-adjusted analysis, the HR for T2D in the highest compared with lowest quartiles of berry intake was 0.65 (95% CI: 0.49, 0.88; P-trend = 0.003). In contrast, no significant associations were shown with fruit, fruit and berry juice, total vegetables, or cruciferous vegetables in a similar comparison ( Table 3 ). The consumption of green leafy vegetables was too low for individual analyses.
We also explored whether the relation of the intake of FBV and T2D was affected by BMI and leisure-time physical activity. In the stratified analyses for the total FBV intake, we did not find evidence for an effect modification by BMI (P-interaction = 0.79) or leisure-time physical activity (P-interaction = 0.31). Similarly, in the analysis for individual components, no evidence of an effect modification by BMI or leisure-time physical activity was shown (data not shown).
In the sensitivity analysis, we excluded cases of T2D that occurred during the first 2 y of follow-up. However, during that time, only 3 men were diagnosed with T2D, and the removal of these men from the analysis did not have an effect on associations (data not shown). 
DISCUSSION
In this prospective, population-based cohort study of middleaged and older Finnish men, the total intake of FBV tended to be related with risk of T2D in the multivariable-adjusted analysis, although the association was NS. In analyses for individual components, we showed that a higher intake of berries was related with significant 35% reduced risk of T2D, whereas no associations were shown with fruit, fruit or vegetable juices, or vegetables. The relation between the intake of berries and T2D was adjusted for numerous risk factors, including BMI and WHR, which suggested that berries may have a direct effect on T2D, independent of body weight. In the stratified analyses for the total intake of FBV, we did not find evidence for an effect modification by BMI or leisure-time physical activity.
There has been some evidence to support our finding regarding the potential protective effect of berries against T2D (5, 7). In the Finnish Mobile Clinic Health Survey cohort of 4304 men and women 40-69 y of age, subjects in the highest compared with lowest quartiles of berry intake had 37% (95% CI: 15%, 53%) reduced risk of incident T2D (5). Similar to our findings, the intake of fruit did not predict lower risk of T2D (HR: 0.82; 95% CI: 0.61, 1.11). Also, in the pooled analysis of the Health Professionals Follow-Up Study (n = 41,334), Nurses' Health Study (NHS; n = 70,359) and NHS II (n = 89,201), intakes of blueberries (HR: 0.77; 95% CI: 0.68, 0.87) and also apples and pears (HR: 0.77; 95% CI: 0.65, 0.93) were related to reduced risk of T2D (7) . In most populations, the intake of berries is low, and thus, a subgroup analysis for berries has not been often explored. In our study, the intake of berries was 38 g/d, and in the Finnish Mobile Clinic Health Survey cohort, the intake of berries was w15 g/d, whereas in Health Professionals Follow-Up Study or NHS, no estimates of the mean intake were presented.
Although we did not explore the possible mechanisms, berries may have beneficial effects on glucose metabolism and body weight regulation. Törrönen et al (16) showed that, compared with the ingestion of sucrose alone, the ingestion of sucrose with 150 g blackcurrants or lingonberries attenuated blood sugar and insulin responses in healthy normal-weight women. However, not all studies have shown berries to improve postprandial glycemia (26, 27) . The improvement in sugar metabolism has been linked to polyphenolic compounds (16, 17) . In addition, berries may inhibit oxidative stress and low-grade inflammation (16) (17) (18) (19) , which have been suggested to predispose individuals to b cell dysfunction and T2D (14) . Berries may also prevent T2D indirectly by having beneficial effects on body weight. Berries contain high amounts of water and fiber and, thus, have a low energy density, which may enhance satiety and reduce energy intake, thereby help body weight regulation (3, 13) .
Findings regarding the intake of fruit and vegetables on T2D have been inconsistent (5-8, 11, 12) . Some of studies have shown an inverse association with risk of T2D with higher intakes of total fruit (5-7) and total vegetables (8, 9) , whereas other studies did not find associations for total fruit (8, 9, 11, 12) or total vegetables (5, 6, 11, 12) . A meta-analysis that included a total of 4 cohort studies reported no overall association for the total fruit and vegetable intake and risk of T2D (HR: 1.00; 95% CI: 0.92, 1.09) (9) . In contrast, a more-recent meta-analysis (9), with one additional observational study, showed the total intake of fruit and vegetables to be inversely related with risk of T2D (HR: 0.93; 95% CI: 0.87, 1.00). Neither of these meta-analyses showed total fruit or total vegetables to be significantly related with risk of T2D, but both meta-analyses showed that the intake of green leafy vegetables has an inverse association with risk (9, 10) . In our study, the intake of green leafy vegetables was only 1 g/d, and thus, we could not explore the relation. The intake of juices has been associated with increased risk of T2D in some studies (6), whereas we did not show such an association. In the NHS, women in the highest quintile of fruitjuice intake had an HR of 1.35 (95% CI: 1.22, 1.50) compared with that of the lowest quintile. The mean intake of fruit juices in the NHS was 0.5 servings/d, which was similar to ours (88 g/d). Bazzano et al (6) showed a positive association for all types of juices studied (ie, apple, grapefruit, and orange juices). In our study, we could not differentiate between types of juices consumed, but at the time of the study baseline, berry, orange, and apple juices were the most popular, whereas in the United States, the consumption of berry juices has been low. This difference could partly explain the discrepancy in findings. Increased risk shown for fruit juice (6) consumption has been suggested to have been due to a lack of fiber and other nutrients, low satiety of the liquid form, and the high sugar load (3) .
Strengths of the study were the longitudinal study setting, extensive examinations, adjustment for potential confounding factors, and a high participation rate with no losses to follow-up. The current study also had limitations. First, the intake of berries was associated with other factors related to indicators of good health, and despite statistical adjustment for potential confounders, we could not fully exclude the possibility of residual confounding. Second, despite the fact that the 4-d food recording may be more suitable to capture absolute intakes than a food-frequency questionnaire, the 4-d food recording is more prone to bias related to seasonal variation. The type and amount of fruit and vegetables consumed varied, with the highest consumption during the summer and autumn. This variance could have caused a misclassification of exposures and, thus, attenuated the association. However, adjustment for the examination month did not have an effect on associations (data not shown). Third, we did not have data about the type of berries consumed, but in general, lingonberries, bilberries, strawberries, and currants have been the most commonly used berries in Finland. Fourth, because the study population consisted of middle-aged and older men, generalization to other populations should be done cautiously.
In conclusion, the higher intake of berries may be related to reduced risk of T2D in middle-aged men. In plants, particularly berries are rich in polyphenolic compounds, which have been shown to improve glucose metabolism and, thus, may explain the finding.
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